•*-time due to set (preparatory interval) (Woodrow, 1916) , motivation (Johanson, 1922) , and age (Birren & Botwinick, 1955; Botwinick, Brinley, & Robbin, 1959; Miles, 1942) have been well documented. The question of the locus of change in reaction time due to set has been examined by a number of investigators, such as Courts (1942) , Davis (1940) , Freeman (1940) , Mowrer (1940) , and Mowrer, Rayman, and Bliss (1940) . The electromyographic data obtained in conjunction with reaction time by Davis (1940) , in which he measured the amplitude of integrated samples, showed that higher muscle action potentials immediately preceding the stimulus were associated with shorter reaction times (RT). These data were interpreted to indicate that facilitation of RT occurred peripherally. Other studies indicated a central locus for RT changes with set (Mowrer et al., 1940) and with age (Birren & Botwinick, 1955) .
The present experiment was designed to test the hypothesis that the major changes in RT with preparatory interval, motivation, and age occur in the central nervous system rather than in the periphery.
METHOD
Subjects.-The Ss used were male volunteers, 14 of them between 18 and 30 years of age, and 10 between 65 and 80 years of age.
Apparatus.-The S sat at a table with a telegraph key and a small incandescent lamp in front of him. A steel electrode, one inch in diameter, was strapped over the approximate location of the motor end plate of the index finger slip of the extensor digitorum communis 60 of the preferred hand, with a second, similar electrode one inch medial to it. A ground was attached to the right leg. Two electrodes for electric shock stimulation were strapped across the wrist. Prior to electrode placement, the skin was rubbed with electrode paste, so that all electrodes had a maximum DC resistance of 5,000 ohms to the ground electrode. The recording leads were connected to a preamplifier, which was set to a frequency response range of 8 to 10,000 cycles per second. The widest band pass gave a good signal to noise ratio. The output of the preamplifier was fed into the DC amplifier of one channel of a dual beam cathode ray oscilloscope (CRO). The over-all sensitivity of the system was set to 50 microvolts per inch.
The S wore earphones which received a 1000 cps. sine wave signal binaurally from an oscillator at an intensity of about 85 db., as measured by approximating one earphone to a sound level meter set on the normal hearing adjusted scale. The second channel of the CRO was connected in parallel to the earphones and showed the onset of the tone and the breaking of the circuit by S. The sweeps of the two channels were locked together. The events on the CRO tube face were photographed on moving film. The whole system was regulated by a bank of interval timers as follows:
When S pressed (closed) the key in front of him, the signal light flashed for 0.5 sec, at which point the camera began to> record. A variable preparatory interval (PI), pre-set by E, ensued, followed by the onset of the stimulus tone in the earphones. As soon as S responded by lifting his finger (opening the circuit), the tone ceased and the camera stopped recording. A clock in the circuit measured the reaction time (RT).
During the trials where threat of shock was used to motivate faster responses, a constant current stimulator delivered a 0.2 milliampere current of 0.2 sec. duration to the wrist if the S failed to respond before a pre-set time.
Experimental design.-The reaction time trials used four preparatory intervals (PI): 1,2, 3, and 4 sec. The trials were grouped as follows:
The S was presented with 8 trials to familiarize him with the apparatus and the procedure. He was then presented with 24 practice trials, with the PI quasi-randomized. These RTs were measured by clock only. This was followed by 12 trials, 3 at each PI, with the PI quasi-randomized. During these 12 trials, both clock and electromyographic (EMG) records were obtained.
The median RT obtained during the 24 practice trials was computed, and the delay timer for the shock generator was set to deliver a shock to S whenever his RT exceeded this value. Then S was informed that during the following trials he would receive an electric shock whenever his RT was slower than his median RT of the previous trials. The S then repeated the series of 24 practice trials followed by the series of 12 trials during which both clock and EMG records were obtained.
The S was instructed to react to the tone by lifting his finger off the key as quickly as possible. The S initiated each stimulus by pressing the key when he felt ready. The S was informed of the shock-driving procedure after the completion of the initial (non-shock) trials.
A sample of the EMG record is shown in Figure 1 . This record has been cropped to begin during the preparatory interval immediately preceding the onset of the tone. The top tracing is the events marker, which shows the onset of the 1000 cps. signal, the end of which indicates the opening of the circuit by S. The middle tracing shows the EMG. Two artifacts can be seen approximately concurrent with the onset of the tone. The lowest tracing, which was inserted in the figure, is a combined calibration and time marker; the vertical deflection is 50 microvolts; the superimposed sinusoidal wave is 120 cps.
The duration of the stimulus tone was taken to be RT. The motor time (MT) was measured from the point of consistent increase in muscle action potential in the EMG record (indicated by C in Fig. 1 ) to the opening of the circuit. The premotor time (PMT) was obtained by subtracting MT from RT.
The data were grouped by PI under the two conditions of non-shock and shock. The medians for both RT and MT for each S at each PI were obtained.
RESULTS
The means of the medians for each PI under each condition for each age group (Fig. 2) , indicate that the results for RT were quite similar to those found elsewhere (Botwinick, et al., 1959; Johanson, 1922) , i.e., increased RT with age, decreased RT with shock-driving, optimal PI of 2 to 3 sec. The MT was constant for each age group, regardless of PI or condition.
Analysis of variance (Table 1) , which used data pooled across age and conditions, showed that PMT differed significantly beyond the .001 level for different PI; a similar analysis for MT showed no significant difference for different PL The variation in RT due to set therefore can be attributed to the PMT component of
RT.
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To evaluate the effects of shock-driving on RT and its components for each age group, means of each S's median PI values were obtained, which were then averaged over all Ss. These means and their standard deviations are shown in Table 2 . The old Ss were slower in RT, PMT, and MT than the young, under both conditions. With shock-driving, the variability of both groups was reduced, especially in RT and PMT. The smallest mean change with shock occurred in the MT component, especially of the old Ss.
These data were subjected to an analysis of variance, the results of which are summarized in Table 3 . RT differed significantly at the .001 level between the non-shock and shock conditions. The RT components also differed significantly at the .001 level, which indicated that they were of different magnitude. RT for the two age groups differed significantly at the .001 level. The interaction of conditions x age was not significant, which suggests that both age groups were similarly affected by shockdriving. The interaction of the RT components x age was also not significant, which suggests that the pattern of the RT components may not. be affected by age. The interaction of conditions x RT components was significant at the .05 level, which indicated that the two conditions affect the two components differently. The nature of this interaction is clarified by the two t-tests shown in Table 3 , which show that the PMT differed significantly between the two conditions, while the MT did not. This indicates that shock-driving significantly affects only the PMT component of RT. Since the interaction of conditions x components x age was not significant, it seems that the abovedescribed interaction of conditions x components may not be different for the two age groups. In order to illustrate the relationship between motor time and reaction time, RTs were grouped by 10 millisecond intervals for each age group and by each condition of shock and non-shock. The mean MT for each RT grouping was computed and plotted in Figure 3 . There seems to be a small, consistent increase in MT as the RT increases from 105 ms to about 175 ms; as RT increases beyond this point, MT seems to remain fairly constant. The pattern of the MT for an RT of any given length (within the reliability limits of the present data) seems to be constant, regardless of age and conditions. This is corroborated by the lack of significant interaction of conditions x components x age. But as the medians and interquartile ranges indicate, the young fall toward the left of the graph, the old toward the right, although shock-driving pushes both groups toward the left. The young apparently are able to shorten slightly their MT; the old much less so. This is also shown in Table 2 . But the i-test of MT between the two conditions is not significant. Also, the interactions of age x conditions, age x components, and conditions x components x age are not significant. Figure 3 . Motor times as a function of their corresponding reaction times; the interquartile ranges and medians of the two age groups under the two conditions of shock and non-shock are shown. In each of the four categories, the reaction times were grouped by 10 millisecond intervals, and the mean motor time within each reaction time grouping is plotted on the graph. The extremes of the distribution are not shown because of the small number of determinations.
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This suggests that the change in MT for the young between the two conditions is not significant, at least in this experiment. In further support of this point, product-moment correlation between PMT and MT were not significant for either group under either condition.
DISCUSSION
The results suggest that the RT variations with shock-driving (motivation), PI (set), and age seem to be predominantly a function of central rather than peripheral processes. This in no way negates the results of Davis (1940) . In fact, although no analysis of amplitude variation during the PI was made, it seemed that the muscle action potentials often were larger during the Pis in the shock-driven series than in the non-shock series. However, since the MT did not vary significantly between the two conditions, the larger muscle action potentials are interpreted as being indicative of increased central readiness to respond. Since the Ss received no practice in RT prior to the experiment, practice effects may account for part of the changes observed under the two conditions.
Although stimulus intensity affects RT, it is generally assumed that there is little or no effect at high intensities. However, according to Chocholle (1945) , intensity does affect RT slightly at stimulus intensities of about 85 db. To assess properly the effect of different stimulus intensities on the comparative old-young RT, it would be necessary to obtain a curve similar to Chocolle's for old Ss. To the writer's knowledge, no such data are presently available. Air-conduction audiograms were obtained on the old Ss, and the effective binaural hearing losses of 1000 cps. were calculated on the basis of data given by Zarcoff (1955) . The mean hearing loss for the old Ss was 13.7 db. With the use of the data of Chocholle, a stimulus intensity difference at 13.7 db. below 85 db. would produce a 5.8 ms increase in RT. As the difference between old and young Ss under non-shock is 54 ms, this would account for 10.7% of the difference; while under shock, 14.9% of the 40 ms difference could be so accounted for. Therefore, if the assumption made above is valid, there still remains a substantial difference in RT between young and old which cannot be accounted for by stimulus intensity differences, but such extrapolations of data should be viewed cautiously.
The small differences found in the MT of the by guest on December 22, 2010 geronj.oxfordjournals.org Downloaded from two age groups (Table 1 ) may be partly due to a difference in the maximum contraction force of the muscles. Certainly the maximum force that the muscles can apply will limit the acceleration of ringer movement and thereby the minimum MT. Fisher and Birren (1947) have shown that there is a decrease in muscular strength with age. Therefore, if all Ss responded as quickly as possible, the minimum MT of the old would be somewhat greater than that of the young.
With the use of the data of Norris, Shock, and Wagman (1953) , which are similar to those of Wagman and Lesse (1952) for change in peripheral nerve conduction time with age, and with the assumption that the length of path from brain to muscle is one meter in length in both young and old, the conduction times in the young and old are 17.2 ms and 19.1 ms, respectively, which gives a difference of only 1.9 ms. This is a small fraction of the premotor time difference. Other experiments (Birren & Botwinick, 1955) on length of path in RT support such a view. Wayner and Emmers (1958) found the spinal synaptic delay in rats increased with age from 0.97 ms to 1.36 ms, a difference of 0.39 ms. Therefore, the premotor time differences between the two age groups probably are referable to the processes occurring in the ear and the brain.
SUMMARY
In a simple auditory reaction time experiment, using irregularly ordered preparatory intervals of 1, 2, 3, and 4 sec, time measurements of electromyographic changes were obtained in order to separate the "premotor" and "motor" components of reaction time.
After an initial series of determinations, shock-driving at the S's median RT was used in order to assess the locus of effect of motivational change.
Changes in RT because of set and motivation occurred predominantly in the premotor component and were therefore seen primarily as central rather than peripheral phenomena. However, since unpracticed Ss were used, the effects attributed to motivation might include practice effects.
The predominant difference in RT between the two age groups lay in the premotor component. Computation of comparative conduction times in the peripheral nervous system suggests that the difference is largely in the central nervous system.
Extrapolation from data in the literature suggests that the difference in effective stimulus intensity because of hearing impairment in the aged may account for only a small fraction of the age-related RT difference.
